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1.0 



SCOPE 



1. 1 This specification covers the actions and responses required at the DC/lOP, CPU/lOP, and Memory/lOP 

interfaces and the design requirements of the free standing selector lOP to be used with the Sigma computer series. 



2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 



APPLICABLE DOCUMENTS 

Selector lOP Planning Specification, Sigma Document 182 

I/O System Product Planning Specification, Sigma Document 156 

Specification, Central Processing Unit, Dwg. No, 117336 

Specification, Design 8-Bit Data Path Interface, Dwg. No. 123382 

Specification, Sigma/Delta Core Memory, Dwg. No. 117653 

Specification, Design, Four Byte Data Path Interface, Dwg. No. 137556 

Selector, lOP Specification Addendum, Sigma Document 256 

Revised Selector lOP Product Factoring, Sigma Document 260 
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3.0 



REQUIREMENTS 



3. 1 lOP Functional Requirements 

3.1.1 CPU I/O Instruction s 

On command from the CPU, the lOP shall perform the required operations associated with the SIO, TIO, HIO, TDV, and 

AIO Instructions. 



ij • I • <^ 



Device Controller Servicing 



The lOP shall perform the operations for the following types of Device Controller service operations: 

Service Call 
Data Out 
Data In 
Order Out 
Order In 
Interrupt 

3.1.3 Operating Speed 

The Selector lOP shall be capable of exchanging data with a non -interleaved core memory at.moxlmum memory rate 
{one cycle every B50 nanoseconds). The S/lOP.shall be caf al le of transferring data to and from a device, 
controller at a maximum rate of 1.25 million transfers a second, a transfer may be 1, 2, or 4 bytes wide. 
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3.2 



BASIC FEATURES 



The Selector lOP provides for the coupling of the CPU and memories to very high speed peripheral devices. These devices 
may have data rates that would exceed the bandwidth of the Multiplexing lOP or would use up such a large percentage 
of that band width as to make it impractical to run any other device concurrently. Capability is built into the lOP which 
allows It to direct and control I/O operations by executing a command list prepared by the CPU. 

The lOP has memory addressing format capability for working with memories as large as 1,048,576 words. However, It wll 
be mechanized to handle memories only as large as 131,072 words (524,288 bytes). 

The basic DC/tOP interface has I/O unit addressing capability for up to 136 Device Controllers. HowQVQr, 32 Device 
Controllers may be connected and only one Device Controller may be in operation at a time. Concurrent operation of 
two or more Device Controllers on a single S/iOP Is not ponnitted. 

The Selector lOP may operate with Device Controllers having a one-byte, two-byte, or four-byte wide data path. 

3.3 OPTIONAL FEATURES 

A Selector lOP may be supplied with an optional core memory bus-sharing feature. This optional feature, when Installed 
In the lOP, enables the lOP to time-share a core memory bus with another Selector lOP if the other Selector lOP also has 
the optional bus-sharing feature. 



3.4 



lOP INTERNAL OPERATION 



The Selector lOP is a passive link between core memory and the Device Controllers connected to the lOP. 

Once an I/O operation has been initiated by the CPU, the operation is performed to completion, independently, by the lOP, Device 
Conlroll.rr, and Core Memory, The lOP will, perfcsrm core memory accesses, as required by the Device Controller, and update current 
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command information. The lOP will also record lOP status for future interrogation by the CPU. During a record, a new 
command may be loaded by the lOP - making scatter reads and gather writes possible (data chaining). At the end of a 
record, a new command may be loaded by the lOP and an order sent to the Device Controller -allowing multiple record 
operations to occur without CPU reinitiation (command chaining). The maximum number of devices that may be attached 
to a Selector lOP is 32. A Selector lOP allows only one of the several possible devices attached to it to be in trans- 
mission operation at a given time. The Selector lOP also allows a Device Controller to exchange a complete record with 
core memory as the result of a single service request from the Device Controller. The Selector lOP will exchange data 
with a Device Controller until the Device Controller terminates the exchange or until the entire record has been trans- 
mitted as indicated by count done. Limitations on data chaining and number of device controllers that may be connected 
are functions of device speed. Interface width, and cable lengths. 

The lOP shall perform the operations described In this section in response to service calls from the CPU or from Device 
Controllers. Specific interface responses are described in Sections 5.0, 6, and 7.0. 



3.4.1 



CPU Sei"vlce Calls 



The lOP shall respond to service calls from the CPU and perform the following operations: SIO, HIO, TIO, TDV, and AIO. 
The lOP shall respond in a manner dependent on the state of the lOP such that CPU interference to data transfer between the 
lOP and core memory Is minimized. Each lOP shall have the facility for assignment of the lOP address by the setting of 
switches on a switch module type LT26 (SDS Part No. 126982), located within the lOP. 

SIO 

The lOP shall decode and recognize the SIO function and shall decode the lOP address lines. If no address recognition, the 
lOP's shall pass the Control Strobe along to the last lOP and the Control Strobe shall be returned to the CPU on the Proceed 
line. If the addressed Selector lOP is busy, (whether or not engaged In service) with a Device Controller as the result of a 
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previous SIO, fhe Instruction shall be partially executed, (tiic condition codes shall be sent signifying that the lOP was busy). 



If the lOP address is recognized and the lOP is not Busy, the lOP shall access cell 20* for the Device address and the 
command address. If a memory parity error Is detected at this point, the IQP shall terminate the operation and send the 
Proceed signal v/Ith appropriate condition codes. If there Is no memory parity error, the lOP transmits the SIO function 
Indicator and DovlcQ address at the Device Controller Interface und waits for a response, After receiving the response 
from the Device Controller the lOP loads cells 20* and 2]''' If requested by the CPU and sends the appropriate condition 
codes and Proceed signal to the CPU, 

TIO, TDV 



These operations are performed in a manner similar to the SIO operation. If the lOP Is Busy and currently responding to a 
Device Controller service request then the lOP partially executes the operation: (condition codes are sent signifying the lOP 
busy state ); otherwise, the TIO or TDV operation is normally executed. 

HIO 

The HIO operation is performed in a manner similar to the SIO operation and Is always normally executed. If, when the 
CPU requests the lOP to perform an HIO operation, the lOP is currently servicing a Device Controller service request 
then the lOP terminates the Device Controller service and then responds to the CPU request. 

AIO 



The lOP shall decode and recognize the function. If no interrupt is pending, the lOP'sshall pass the Control Strobe along 

to the last lOP which shall return the strobe to the CPU on the Proceed line with the appropriate condition code settings. 

The lOP with the highest priority and an interrupt pending shall terminate dn ongoing Device Controller service. and thi-n 

r as5 i!iu AIO function indicator along to the Device Controllers. 'The lOP shall then wait, for the, highest-priority Device 

ConfrolLr with Interrupt pending to respond with Device/Device Controller address and status. The lOP shall then complete 
the AIO operation by writing the IOP/DevIc|r— - — ...■.^~.>^-..,.- .-.. ^^.- ^^ — >-«-.«-«.» — 
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Controller/Device address and status in cell 20* and sending condition codes and Proceed signal to the CPU. 

3. 1 . 3. 2 Device Controller Service Calls 

The Selector lOP shall respond to Device Controller service calls as described in Section 7. and perform the following 

operations: 

Order Out, Order In, Data Out, and Data In 

D ata Exchange 

The lOP shall perform exchanges of Data between the Device Controller and memory in response to Data In/Out requests 
from the Device Controller. Since the Device Controller data path may be one, two, or four bytes wide and the memory 
data path Is four bytes wide and also since the Device Controller may exchange any number of bytes with any starting memory 
byte address, then the lOP shall be responsible for the proper assembly and disassembly of data during these cxchnnges (md 
for the control of parflal-word or full-word writing In core nietnory during a Data In operation. Data buffering shall be 
provided to allow for memory port Interference, data alignment within the lOP, data chaining, and delays In the lOP 
data path. 

Data Out 

During Data Out operations the lOP shall access the memory location determined by the current byte address and load the 
data Into the data buffer. (lookahead is employed to keep the data buffer filled).' In response to Device Controller Request 
Strobes the lOP shall access the data buffer, .align the data as required by the state of the. byte address and byte count registers, 
generate odd parity for a one byte data pa,th,' and transmit the. data .to the Device Controller. As a. function of the byte count 
decrementing to zero and the data, chaining flag the TOP shall perform data chaining operations. The data exchange shall be 
terminated If either the Device Controller or lO? signals, end data. 
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Data In 

During Data In operations the lOP shall, In response to Device Controller Request Strobes, perform one-byte odd parity 

CiTCcks if requested by the Device Controller and load the data buffer. Detecting that the data buffer Is not empty the 

lOP shall align the data as a function of the state of the byte address and byte count registers, access the core memory 

location designated by the current byte address, and control partial or full write core memory operations. The lOP shall 

Increment, If a forward operation, or decrement. If a backward operation, the byte address register and shall decrement 

tlie byte count register each time a core memory access Is made. When the byte count has decremented to zero the lOP 

shall perform data chaining If the data chain flag Is true« The data exchange shall be terminated if either the Device 
Controller or lOP signal end data. 
Order Out 

During Order Out operations the lOP shall access the core memory doubleword designated by the command address register, 

send the order to the Device Controller, store the flags, byte address, and byte count and terminate the operation. 

Order In 

During Order In operations the lOP shall accept the Operational Status Byte from the Device Controller. The Device 
Controller may report any of the following conditions in the Operational Status Byte: Transmission Error, Incorrect Length, 
Chaining Modifier, Channel End, or Unusual End. The lOP shall take action appropriate to the conditions reported by the 
Device Controller and terminate trie operation. 

Terminal Orders 



The lOP shall terminate each Device Controller service sequence with a Terminal Order. The lOP may report in the 
Terminal Order any of the following conditions: Interrupt, Count Done, Command Chain, or lOP Halt. 
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3.5 



SYSTEM INTERCONNECTION 



The lOP shall interconnect with the CPU, memories, and Device Controllers as shown in Figure 3.1. lOP's shall be 
connected by cables to the CPU In a trupk-tall fashion for the purpose of Interrupt priority determination. Addressing 
of eight lOP's Is permitted. All lOP's connected to a given CPU shall be connected to the memory bank containing 
cells 20'' and 21* for that CPU. However, all lOP's need not be connected to all memories* Device Controllers 
shall bo connected to the lOP In trunk-tall fashion as shown. 

The Selector lOP may be connected to Device Controllers with a one, two, or four -byte data path* Figure 3.2 shows, for 
example, how this may be done with a one and four-byte pcith. Figure 3. 3 shows how bus-sharing Selector lOP's may be 
connected to core memory. 
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Figure 3. 2 
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TITLE 

PRODUCT DESIGN SPECIFICATION 
INPUT/OUTPUT PROCESSOR, SELECTOR 



133991 



SHEET 12 



OF 70 



SDS»E-n2(4/65) 



E 



r 



CPU 



--1 "'" 



Figure 3.3 



SDS-E-1 12(4/65) 






(1) 



Memory 

#1 



I * T 



Memory 
#2 



.. 



«i«B!?Tft J** wv-aj *-Ji„ .■pWf 






"T" 



Memory Bus (5) i^^ 






LDJ 



S/IOP 



T 



Bus-Share Only 



fZLrilLl 



ji 



f T 






S/lOP 



INTERCONNECTION OF BUS-SHARING SELECTOR lOP'S 



TITLE 

PRODUCT DESIGN SPECIFICATION 
INPUT/OUTPUT PROCESSOR, SELECTOR 



133991 



SHEET 



OF /O 



..... 



4.0 
4.1 



INTERFACE SIGNAL TRANSMISSION 
GENERAL 



All Interface signal exchange shall be via ATIO Cable Receiver modules (SDS Part No. 123018), ATI! Cable Driver/Receiver 
modules (SDS Part No. 123019), AT12 Cable Driver modules (SDS Pcirt No. 124629), or AT13 Cable Driver/Receiver module 
(SDS Part No, 125260) as used throughout the Sigma system. Communication shall be via terminated shielded wire having a 
nominal Impedance of 33 ohms. 



4.2 



CABLE CHARACTERISTICS 



The cable consists of 14 shielded wires (transmission lines) as specified under SDS Part No. 101787. Nominal cable (wire) 
characteristics are: 



4.3 



4.4 



Characteristic Impedance 

DC Resistance (Center Conductor) 

DC Resistance (Shield) 

Inductance 

Capacitance 

Signal Delay 

SIGNAL CHARACTERISTICS 

Logical One = +2 volts DC (Driver output 

Logical Zero = volts DC (Driver output 

CABLE CONNECTORS 



33 ohms 

23 milliohms/foot 
10 milliohms/foot 
50 nanohenry/foot 
50 picofd/foot 
1 . 4 ns/foot 

- low impedance) 

- high impedance) 



Connectors are SDS Part No. 115833. These connectors provide for mating with 14 printed wiring contacts on cable plug 
modules. Two cable connectors can connect to one cable plug module to facilitate "Trunk-Tail" typo interconnections. 
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4.5 



CABLE TERMINATION 



Cables shall be terminated at the extremities with 33 ohm resistors „to ground. The terminating loads shall be a part of the. terminator 
plug assembly SDS Part No. 127315 that connects to the Cable Driver/Receiver module. 
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5.0 



MEMORY INTERFACE 



5.1 



SIGNAL CONVENTION 



Signal exchange shall be via ATI! Cable Driver/Receiver modules and ATI 2 Cable Driver modules. The signals will use 
a convention of +2 volts as true logic. 



5.2 



BUSSES 



Each Selector lOP shall have a bus for interfacing with core memories. Two Selector lOP's may; however, share a core 
memory bus If the Bus Share option is present In both 

An lOP shall use only a single memory bus and shall not make a memory request before receiving an Address Release signal 
or an Address Here false signal from the prior request. 



5.3 



CELLS 20 AND 21 



The Selector lOP uses memory cells 20"'^* and 21* when responding to CPU requests for service. Ifr shall be a requirement 
that the memory (memories if interleaving is used) that possesses lOP memory cells 20"'^' and 21*, must also possess CPU 
memory cells 20* and 21*. This requirement shall also be true for an lOP which is to provide the CPU with Its initial 
information during a bootstrap load operation. 



5.4 



PORTS 



The lOP shall normally be connected either to memory port A or memory port B (memory port A having highest priority). 
However, there shall be no special form of implementation which would preclude the lOP from using port C. 



5,5 



SIGNAL LINES INTERCONNECTING lOP AND MEMORY 



The lines tabulated below shall interconnect the lOP and memory: (In the table, X refers to one of memory ports A, B, or C). 
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5,5 (cont'd) 



Description 



Data Signals 
Address Signals 
Address Here 
Address Release 
Data Gate 
Purity Error 
Parity O. K. 
Write Byte Signals 
Memory Request 



Designation 



/MX0/thru/MX31/ 

/LX15/thru /LX31/ 

/AMX/ 

/ARX/ 

/DGX/ 

/PEX/ 

/POKX/ 

/MWOX/ thru /MW3X/ 

/MQX/ 



Number 
of Lines 



32 
17 



Direction of Signal Flow 



lOP to Me m o r y 



Me 



mory 



to lOP 



5.6 



SIGNAL TIMING 



Timing of the signals described in 5»5 shall conform to the following: (All times as measured at lOP/Cable interface). 

5.6.1 DATA LINE S 

5.6. 1 . 1 Data Input to Memory 

During a core memory write operation signals on the data lines (MXO thru MX31) shall be present and stable within 120 nanoseconds 
after the Memory Request (MQX) is given- The data lines shall remain stable for g minimum, of 16Q nanoseconds after the Address 
Release signal is received. by J-he lOP for a full write operation or the Parity OK signal is received by the lOP for a partial write 

of-^eration. 
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5.6.1.2 Data Output from Memory 



During a core memory read operation, signals on the data lines are strobed by the Data Gate signal Into the lOP memory 
Interface register. The data signals shall not change during the Interval 80 nonoseconds before Data Gate falls until 
65 nanoseconds after Data Gate falls. 



5.6.2 



ADDRESS LINES 



Signals on the Address Lines (LX15 thru LX31) shall be stable not less than 90 nanoseconds before the Memory Request signal 
rises and shall remain stable until 20 nanoseconds after the Memory Request signal has been dropped by the lOP. 



5.6.3 



DATA GATE SIGNAL 



The Data Gate signal strobes data Into the lOP memory Interface register during a core memory read operation. The Data 
Gate signal shall be a posltlve-going pulse not less than 80 nanoseconds In duration. 

5.6.4 PARITY ERROR AND PARITY OK 

The Parity Error (PEX) and the Parity OK (POKX) signals shall be posltlve-going pulses not less than 70, nanoseconds wide 

and shall Indicate the result of the parity check performed during a memory read or partial write operation by the memory. 



5.6.5 



WRITE BYTE SIGNALS 



During a Memory full -write or partial write operation, the Write Byte (MWOX thru AAX3X) signals shall designate the memory 
byte or bytes Into which data Is to be written. These signals shall be present and stable within 120 nanoseconds after the 
Memory Request signal. They shall be present until the Address Release Signal Is received at the lOP. 



5.6.6 



MEMORY REQUEST SIGNAL 



The Memory Request signal shall come true when the lOP wishes to make a memory access. This signal shall remain true 
until the lOP receives the Address Release signal or the Address Here signal is false when strobed. 
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,6.7 



5.6.8 



5.7 



5.8 



I 



ADDRESS RELEA.se SIGNAL 



The Address Release shall be a positive-going pulse not less than 80 nanoseconds In duration 
that designates to the lOP that the address lines may be changed and that the Memory Request 
line may go false, 

ADDRESS riERB 

The AddresB Hcire line when tru© shall doaignat® to tha lOP that the address coded on llnesLAlS through 

LA31 is an address implemented in the memory to which the lOP is attached, llie Address Here 

line shall be strobed no sooner thait 260 nanoseconds after the Address Lines have settled, 

CAJ5LE Ll'lNl^l^lIS 



The total lOP/Memory cable length shall not exceed 40 feet to the furthest Memory port. The 

lOP may drive cables in two directions in order to minimi2:e the cable length. All cables 

in the bus interconnecting and TOP with a particular Memory port shall be of the same nominal length. 

CA}3LE^ CONNECTOR PIN ASSIGNMENT 

Five cables are required to interconnect the IGP and memory. The pin assignment of signals in 

those cables at the Cable Driver/Receiver and Cable connector interface shall be as specified below: 
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Cable 1 



Connector 


Signal Deslg. 


Pin 


at Connector 


2 


//vlXO/ 


1 


//ViXl/ 


4 


/MX2/ 


3 


//V\X3/ 


5 


/MX4/ 


6 


AU(5/ 


7 


/M)<6/ 


8 


/MX7/ 


9 


/MX8/ 


10 


/MX9/ 


n 


//ViXlO/ 


12 


/MX11/ 


13 


/MX 12/ 


14 


/MX 13/ 



ATll Cable Driver/Receiver Module 

Signal Functional Description 
Data Line, Port X 
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Cable 2 



SDS-E-1 12(4/65) 



ATI! Cable Driver/Receiver Module 



Connector 


Signal Deslg. 






Pin 


at Connector 
/MX 14/ 


Signal Functional Description 


2 


Data Line, Port X 


1 


/MX 15/ 






4. 


//vO<16/ 






3 


/MX17/ 






5 


/AAX18/ 






6 


/MX 19/ 






7 


/AAX20/ 






8 


//v\X2l/ 






9 


/AAX22/ 






10 


/MX23/ 






11 


/MX24/ 






12 


/MX25/ 






13 


/MX26/ 






14 


/MX27/ 
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Cable 3 


Connecl-or 


Signal Dusly. 


ATI! Cable Driver/Receiver Module 






Pin 


at Connector 
/MX28/ 


Signal Functional Description 
Data Line, Port X 






2 




1 


/MX29/ 


II 






4 


/MX30/ 


II 






3 


/MX31/ 


II 






5 


/LX29/ 


Address Line, Port X 






6 


/LX30/ 


Address Line, Port X 






7 


/LX31/ 


Address Line, Port X 






8 


/MWOX/ 


Memory Write Byte Line, Port X 






9 


/MWIX/ 


Memory Write Byte Line, Port X 






10 


/MW2X/ 


Memory Write Byte Line, Port X 






n 


/MW3X/ 


Memory Write Byte Line, Port X 






12 


/DGX/ 


Data Gate Line, Port X 






13 


/EDRX/ * 


Early Data Release Signal 






14 


Not Assigned 






*Nof used by lOP 
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Cable 4 



ATI 2 Cable Driver Module 



Connector 


Signal Desig. 


Pin 


at Connector 


2 


/LX15/ 


1 


/LX16/ 


4 


/LX17/ 


3 


/LX18/ 


5 


/LX19/ 


6 


/LX20/ 


7 


/LX21/ 


8 


/LX22/ 


9 


/LX23/ 


10 


/LX24/ 


11 


/LX25/ 


12 


/LX26/ 


13 


/LX27/ 


14 


/LX28/ 



Signal Functional Description 
Address Line, Port X 
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Cable 5 



*Not used with Selector lOP 
(1 ) Port C only 



Connector 


Signal Desig. 


Pin 


at Connector 


2 


/MQX/ 


1 


/AHX/ 


4 


/ARX/ 


3 


/DRX/ 


5 


/PEX/ 


6 


/SRAX/ 


7 


Not Assigned 


8 


/ABOA/ 


9 


/POKX/ 


10 


/MR/ 


n 


/ORX/ 


12 


/ORIL/ 


13 


/HOF/ 


14 


/MFR/ 



ATll Cable Driver/Receiver Module 

Signal Functional Description 

Request for Memory Access, Port X 
Address Here, Port X 
Address Release, Port X 
Data Release, Port X 
Parity Error Signal, Port X 
Second Request Allowed 

Abort Memory Lockout Signal 

Parity OK Signal, Port X 

(1 ) Memory Reset 

Override Port 

(1) Override Interleave 

(1) Halt on Fault 

(1) Memory Fault Reset 
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6.0 



CPU INTERFACE 



6.1 



SIGNAL CONVENTION 



Signals shall be exchanged via the ATI 3 Cable Driver/Receiver module, SDS Part No, 125260. Unless otherwise stated, 
the signals shall use a convention of +2 volts as true logic. 

6.2 SIGNAL LINES INTERCONNECTING lOP AND CPU 

lOP's shall be connected In a tall -trunk fashion to a CPU as shown in Figure 3, 1. The lOP's shall b© arranged In a priority 
sequence such that during the execution of an AIO Instruction the lOP nearest to the CPU with an Interrupt Request pending 
shall respond to the CPU request for service. 



6.2.1 The lines tabulated below shall Interconnect the lOP and CPU. 

Description Designation 



Number 
of Lines 



Direction of Signal Flow 



lOP to CPU 



CPU to lOP 




Function Code 

lOP Address 

Not Condition Code 1 

Not Condition Code 2 

Clock 1 - Mhz, Source 

Reset I/O 

Interrupt Request 

Proceed 

Control Stobe 



/FNCO/thru /FNC2/ 

/IOPA0/thru/IOPA2/ 

/NCONDl/ 

/NCOND2/ 

/CLIS/ 

/RIO/ 

/IR/ 

/PR/ 

/CNST/ 



X 
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6.2,2 The utilization of the lines Interconnecting the lOPand CPU shall be as follows: (Timing of signals Is as 

measured at the lOP/Cable Interface). 

6.2.2. 1 Function Code Lines : The CPU shall place on these lines signals representing the I/O Instruction being 

executed. During a CPU request for service, signals on these lines shall be Interpreted as follows by the S/lOP: 

SIO TIO TDV HIO AIO 

/FNCO/ 1 

/FNCl/ 111 



/FNC2/ 







1 







1 







The signals on these lines shall be settled 250 nanoseconds before the Control Strobe (CNST) Is driven true and shall remain 
settled for 25Chanoseconds after the Control Strobe Is released. These times as measured at the lOP/Cable Interface. 

6.2.2,2 lOP Address Lines: The CPU shall place on these lines coded signals representing the address of the lOP from 
which service is requested during the execution of SIO, TIO, TDV, or HIO Instructions. When the Function Code lines are 
coded representing SIO, TIO, TDV, or HIO operations, the lOP shall compare the state of the lOP Address lines with the 
state of switch contacts within the lOP that designates the lOP address. If the two sets of signals compare (lOP address 
recognition) then the lOP shall respond to the Control Strobe siynal. 

When the Function Code lines are coded representing the AIO operation then the lOP Address lines shall have no meaning 
The signals on these lines shall be settled 250 nanoseconds before the Control Strobe Is driven true and shall remain settled 
for 250ianoseconds after the Control Strobe is released. These times are measured at the lOP/Cable Interface. 



TITLE 

PRODUCT DESIGN SPECIFICATION 

INPUT/OUTPUT PROCESSOR, SELECTOR 



l\U[. 



133991 



SHEET 



)/■ 
'.It 



OF 



70 



SDS-E-ll?(4/65) 



6.2.2.3 Control Strobe: The CPU shall drive this line during the execution of an I/O Instruction to request service 
from an lOP. The lOP shall respond to the Control Strobe as follows: 

If the Function Code lines designate an SIO, HIO, TIO, or TDV operation and lOP address recognition exists 
or If the Function Code lines designate an AIO operation and the Interrupt Request line Is true then the lOP shall respond 
to the Control Strobe and shall not pass the Control Strobe along to the next lower priority lOP. Response of the lOP to 
specific tunclion codes will be described in later paragraphs. If an SIO, HIO, TIO, or TDV operation is designated and 
no lOP address recognition exists or if an AIO operation is designated and the Interrupt Request line Is false then the lOP 
shall not respond to the Control Strobe but shall pass the Control Strobe along to the next lowest priority lOP. If, however, 
the lOP Is designated as the last lOP on the tail-trunk coble by the state of a switch contact In the lOP, then the lOP shall 
cause the Proceed signal to be driven true and shall drive no other lines, 

6.2.2.4 Not Condition Code Lines: The S/IOP may normally or partially execute the response to a CPU request for 
service. The SIO, TIO, or TDV operations may either be normally or partially executed. The HIO and AIO operations 
shall always be normally executed — this may Involve prematurely terminating a Device Controller requested service by 
the lOP. Normal execution of the operation involves accessing data from core memory (except for AIO), communication 
with a device controller (if no memory parity error while reading memory), possible storing of data In core memory, and 
control of the NCONDl and NCOND2 lines. Partial execution of the operation Involves only controlling the NCONDl 
and NCOND2 lines. If during normal execution of an SIO, TIO, TDV, or HIO operation the lOP detects a memory parity 
error while accessing cell 20* then the lOP shall not communicate with any Device Controller and shall hold NCONDl and 
NCOND2 false. During normal execution of an SIO, TIO, TDV, or HIO operation if no memory parity error Is detected 
while reading cell 20* the lOP shall drive the NCONDl and NCOND2 lines with the same state that the Device Controller 
dictated on the DOR and lOR lines respectively. 

■!'>ase 
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6.2.2.4 During the execution of an AIO operation the lOP shall drive the NCONDl and NCOND2 lines as dictated 
(con't) 

by the Device Controller; however, If the responding Device Controller has the address stored by the lOP and an Unusual 

End Interrupt Is pending then the S/lOP shall hold the NCOND2 line false. 

During partial execution of an operation the S/IOP shall hold the NCONDl line false and drive the NCOND2 line true. 
The signals on these lines shall be settled before tho Proceed signal Is driven true and shall remain settled until the release 
of the Control Strobe. 

6.2.2.5 Proceed Line : In response to a CPU request for service on the Control Strobe line the lOP shall drive the 
Proceed line to Indicate termination of the service. The Proceed line shall operate in a closed-loop manner with respect to the 
Control Strobe line; I.e., the lOP shall raise the Proceed line In response to the CPU raising the Control Strobe line and shall 
drop the Proceed line in response to the CPU dropping the Control Strobe line. 

Partial Execution: 

During partial execution of an SIO, TIO, or TDV operation the S/IOP shall respond to the Control Strobe by driving the 

NCOND2 and Proceed lines true Immediately, 

No Address Recognition: 

During the response to an SIO, TIO, TDV, or HIO operation with no address recognition or to an AIO operation with the 
Interrupt Request line false the S/IOP shall not respond to the Control Strobe but shall pass the Control Strobe along to the 
next lower priority lOP. However, If the S/IOP is designated as the last lOP on the tail-trunk cable Interconnecting lOP's 
with the CPU then the lOP shall respond to the Control Strobe by holding NCONDl and NCOND2 false and driving the 
Proceed line true Immediately. 
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Normal Execution: 

If during normal execution of an SIO, TIO, TDV, or HIO operation the lOP detects a memory parity error while accessing 

cell 20*then the lOP shall hold the NCONDl and NCOND2 lines false and shall drive the Proceed line true immediately. 

If during normal execution of an SIO, TIO, TDV, or HIO operation the lOP does not write in memory cells 20"^' or 21*^ then 
the lOP shall respond to the Control Strobe after receiving the Device Controller condition code response on the DOR and 
lOR lines. 

If the lOP writes In memory cells 20* or 21* then the lOP shall raise the Proceed line after receiving an Address Release 
signal from core memory in response to the last Memory Request, 



6«2,2.6 Interrupt Request Line: The lOP shall drive this line true when making d standard I/O interrupt request. All 
interrupt requests from Device Controllers attached to an lOP are funnelled to this line via the Interrupt Call line at the 
Device Controller Interface. This line shall go false during the execution of all' X/0 liiatructions. If an interrupt 

i& then Btill pending this line shall again be driven true. 

6.2.2.7 Reset I /O Line: The CPU shall drive this line true when the I/O system Is to be Initialized. The lOP In response 
to this signal shall be initialized In readiness for a service request from the CPU and shall also pass the signal along at the 
Device Controller interface on the I/O Reset line. 

6.2.2.8 Clock, Source Line: The CPU shall drive this line with a periodic timing signal for use by Device Controllers. 
The lOP shall pass this signal along to the Device Controller at the Device Controller interface on the Clock line. 
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6.3 



lOP OPERATIONS DURING CPU REQUESTS FOR SERVICE 



As previously described, the S/IOP may normally or partially execute the response to a CPU request for service. The SIO, 
TIO, or TDV operations may either be normally executed or partially executed. The HIO or AIO operations shall always 
be normally executed. 

During execution of a CPU request for service the lOPand CPU shall use the lines described In Section 6.2 for direct 
communication. During normal execution of a CPU request for service the lOPand CPU shall also communicate Indirectly 
via core memory cells 20* and 21*. The lOP shall also communicate at t!ie Device Controller Interface to obtain Condition 
Code Information and Status response. 

Specific actions of the lOP during CPU requests for service are described In the paragraphs below. 



6.3.1 



SIO 



If the lOP Busy status bit is true (lOP Busy state) or a Zero Count or Channel End or Unusual End interrupt Is pending then 
the lOP shall partially execute the SIO operation. The S/lOP responses for this case have been previously described In 
Section 6. 2. 

If the lOP Busy status bit Is false and a Zero Count or Channel End or Unusual End Interrupt is not pending then the lOP shal 
normally execute the SIO operation. The lOP shall make a Mjiuory Request to read. memory cell 20'^. If a memory parity 
error Is detected the lOP shall terminate the operation Immediately as previously defined In Section 6,2.2.5. If a memory 
parity error is not detected then the S/lOP shall Interpret the contents of cell 20* as follows: 
Cell 20* 



jDevIce Controller 
Address 



xxxxxx 



COMMAND DOUBLEWORD ADDRESS 







7 8 9 



10 



15 16 



Tf 



Base 16 
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Bits 0-7; Contain the Device Controller Address. These bits are transmitted at the Device Controller Interface 
on Data Lines DAO-7, They shall also be stored In the S/tOP If the lOP goes to the Busy state during the SIO operation. 
Bits 8 and 9: Specify the lOP response as follows: 
Bit 
8 9 S/lOP Response 

10? shall respond on NCONDl and NCOND2 only 

1 lOP shall respond on NCONDl and NC0ND2and writo In cell 21* 

1 1 lOP shall respond on NCONDl and NCOND2 and write In cells 20* and 21* 
Bits 10 -15: Ignored by the lOP 

Bits 16 - 31: Contain the Command Doubleword Address that shall subsequently be stored In the S/IOP If the 
lOP goes to the Busy state during the SIO operation. 

The lOP shall communicate at the Device Controller Interface with the addressed Device Controller and shall complete the 
response of the CPU service request by writing Into cells 20'"' and 21* as follows: 

Cell 20* 



Cell 21* 



Stored Command Doubleword Address 
Decremented by One 


Same Data as was Accessed From 
Cell 20. Bits 16-31 



15 16 



lOP Status: 
*Base 16 



IL TDE TME MAE ,:,. i ^^^ \ „ 
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Device Controller 
Status 


lOP 

Status 


Stored Byte Count 





7 


8 




15 


16 




31 ■ 
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The Information stored In cells 20* and 21* shall have the following meaning: 

Cell 20* Bits - 15: Shall contain the Command Doubleword Address stored In the lOP prior to the normal execution 
of an SIO. and decremented by one. 

Cell 20* Bits 16 -21: Shall contain the same data as was read from core memory cell 20* bits 16-31: 

Cell 21* Bits 0-7: Shall contain the Device Controller status Information obtained from the Function 
Response lines - 7 at the Device Controller Interface. 

Cell 21* Bits 8 - 15: Shall contain lOP status Information stored In the S/lOP. Bits 8-14 shall be 
cleared prior to termination of the CPU service If the S/IOP goes to the Busy state. The lOP status bits are defined 
in greater detail below. 

Cell 21* Bits 16 - 31: Shall contain the Byte Count currently stored In the S/lOP. 
lOP Status Bits: 

Bit 8: Incorrect Length; This bit shall be set true if Incorrect Length was signalled by the Device Controller 
via the Order In Operational Status Byte or If the lOP detected during a Data In operation that the buffer contained 
data at Count Done, 

Bit 9; Transmissi on Data Error: This bit shall be set true If Transmission Error was signalled by the Device 
Controller via the Order In Operational Status Byte or If the lOP detected a byte parity error during a Data In operation. 

Bit 10: Tra nsmission Memory Error; This bit shull be set true If a Memory Parity Error was detected by the 
lOP during a Data Out/In operation (memory partial -word write or read operations). 

Bit 1 1 : Memory Address Error: This bit shall be set true If a non-Implemented memory address was detected 
by the lOP during a chaining operation or a Data Out/Tn operation. 

Bit 12: lOP Memory Error: This bit shall be set true If the lOP detected a memory parity error while fetching 
a command. 



*Base 16 
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Bit 13; lOP Control Error: This bit shall be set true If the lOP detected two successive Transfer In 
Channel commands. 

Bit 14; lOP Halt: This bit shall be set true If the lOP detected an lOP Halt condition. 

Bit 15: lOP Busy: This bit shall be set true during the current SIO operation after the lOP status has been written 
In cell 21* If the Device Controller responded by driving both the DOR cind lOR lines true (CC1 ~ CC2 :== 0). This bit shall be 
cleared under the following conditions: 

(1) The Reset I/O line was driven true. 

(2) During an HIO operation the Device Controller address stored In the lOP compared Identically with 
the Device Controller address transmitted at the Device Controller Interface. 

(3) During an Order In operation the Device Controller signalled Unusual End via the Operational Status 
Byte. 

(4) During an Order In operation the Device Controller signalled Channel End via the Operational Status 
Byte and the Command Chain flag was false or the lOP Halt status bit was true. 

The S/IOP shall not report lOP Busy during a normally executed SIO operation. 

6,3.2 TIO, TDV 

If the S/lOP Is in the Busy state and Is currently responding to a Device Controller service request and has not signalled 
End Data and Request Strobe Acknowledge to the Device Controller prior to the receipt of the TIO or TDV function code 
from the CPU, then the TIO or TDV operation shall be partially executed. The S/lOP responses for this case have been 
previously described in Section 6.2 

If the S/IOP is not In the Busy state or If In the Busy state and not currently responding to a Device Controller service 
request or If Busy and currently responding to a Device Controller service request and has signalled End Data and Request 



*Dase 16 
SDS~E-1 12(4/65) 



TITLE 

PRODUCT DESIGN SPECIFIA: ATION 
INPUT/OUTPUT PROCESSOR, SELECTOR 



iiOiS 



133991 



SHEET 



OF 



70 



Strobe Acknowledge to the Device Controller prior to the receipt of the TIO or TDV function code from the CPU then the 
lOP shall normally execute the TIO or TDV operation. The lOP shall make a Momory Request to read cell 20*. If a 
memory parity error was detected then the lOP shall terminate the operation Immediately as previously described In Section 
6.2.2.5« If a memory parity error was not detected then the lOP shall Interpret the contents of cell 20* as follows: 

Coll 20^ 



Device Controller 
Address 






10 P Ignores These Bits 



7 8 9 10 31 

Bits 0-7: Contain the Device Controller Address. These bits are transmitted at the Device Controller Interface 
on Data Lines DAO-7. 

Bits 8 and 9: The lOP shall respond to these bits as defined In Section 6.3. 1 for the SIO operation. 
Bits 10 - 31: The lOP shall Ignore these bits. 

The lOP shall then communicate at the Device Controller Interface with the addressed Device Controller and shall complete 
the response to the CPU service request by writing - If requested - into cells 20* and 21'^*. The format of these responses 
shall be the same as the format of responses defined in Section 6.3. 1 for an SIO operation. The definition of the Individual bits 
shall be the same as defined in Section 6.3. 1 for an SIO operation. 



6. 3, 3 



HIO 



The lOP shall always normally execute an HIO operation. If the lOP Is currently responding to a Device Controller service 
request the lOP shall cause End Data to be set and then respond to the CPU request for service as soon as the current service 
Is terminated. 

The lOP shall make a Memory Request to read cell 20'"'. If a memory parity error was detected then the lOP shall terminate 

the operation Immediately as previously d esc r I bed^ I n S e c t i o n jS . 2 . 2 . 5 . If a m g r no ry^ fx> r I ty er ror was npt_detected,._J;hen the^ 
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lOP shall interpret the contents of cell 20''" as follows: 
Cell 20* 



7 8 



Device Controller 
Address 






lOP Ignores These Bits 



9 10 



31 



Bits 0-7: Contain the Device Controller Address. The lOP shall transmit these bits at the Device Controller 
interface on Data Lines DAO-7, These bits shall also be compared with the Device Controller address currently stored in 
the S/IOP. If the addresses compare the lOP shall do the following: 

(1) Clear the lOP Busy status bit, 

(2) Clear the Zero Count interrupt, Channo! End interrupt, and Unusual End interrupt status bits. 

Bits and 9: The lOP shall respond to these bits as defined In Section 6,3. 1 for the SIO operation. 
Bits 10 -31: The lOP shall ignore these bits. 

The lOP shall then communicate at the Device Controller Interface with the addressed Device Controller and shall complete 
the response to the CPU request for service by v/riting - If requested - into cells 20"'^' and 21^', The format of these reponses 
shall be the same as the format of responses defined in Section 6.3. 1 for an SIO operation. The definition of the Individual 
bits shall be the same as defined in Section 6,3. 1 for an SIO operation. 

6.3.4 AIO 

The lOP shall always normally execute an AIO operation If an Interrupt Is pending. If the lOP Is currently responding to a 
Device Controller service request then the lOP shall cause End Data to be set, wait for the current service to terminate, and 
then resjDond to the CPU request for service. 



'''' Base 16 



SDS"E-l12(/1/65) 



TITLE 
PRODUCT DESIGN SPECIFICATION 
INPUT/OUTPUT PROCESSOR, SELECTOR 



ex»\ 



iOjS 



133991 



SHEET o/y 



OF 



70 



The lOP shall communicate at the Device Controller interface to obtain the address and status of the interrupting Device 
Controller. The lOP shall then assemble the status and Device Controller address and make a Memory Request to write 
Into cell 20^' . The format of the Information written Into cell 20" shall be as follows: 

Cell20'^-- 



Device Controller 
Status 


lOP 
Status 








lOP 

Addr 


Device Controller 
Address 





7 8 


15 


16 


20 



21 23 24 31 




IL 


TDE 


ZBC CE 
I I 


UE 
I 











lOP Status: 

Bits 0-7: Shall contain the Device Controller status Information received on the Data Lines DAO-7. 

Bits 8 - 15: Shall contain lOP status Information defined below In further detail. 

Bits 16 - 20: Shall always be false. 

Bits 21 - 23: Shall contain the address of the responding lOP. 

Bits 24 - 31; Shall contain the address of the responding Device Controller. The lOP shall compare this 
address with the Device Controller address stored In the lOP and shall If the Device Controller also raises the DOR line 
(CCl = 0) write the lOP status Into bits 8 - 15 of cell 20* and shall Ihen clear the Interrupt status bits. 

lOP Status Bits: 

Bit 8: Incorrect Length: As defined for SIO In Section 6,3,1. 

Bit 9: Transmission Data Error: As defined for SIO In Section 6.3.1, 

Bit 10: Zero Byte Count Interrupt: This bit shall be set true if the Interrupt on Zero Count flag Is true and 
Zero Byte Count Is detected during a Data In operation or Zero Byte Count Is detected during a Data Out operation and 
Data Chaining ensues or Count Done Is reached. 
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Bit 11; Channel End Interrupt; This bit shall be set true If the Interrupt at Channel End flag Is true and 
C'lannel End is signalled during an Order In via the Operational Status Byte. 

Bit 12; Unusual End Interrupt: This bit shall be set true If the Interrupt at Unusual End flag Is true and 
Unusual End Is signalled during an Order In via the Operational Status Byte or If lOP Halt is signalled to the Device 
Controller In the Order In Terminal Order. 



Bit 13 



Bit 14 



Bit 15 



This bit shall be false, 



This bit shall be false. 



3.'hlB bit shall be false, 



6.4 



Cables 



As specified In 3. 1, lOP's shall be connected to a CPU by cables In a trunk-tail fashion. The total length of cables 
Interconnecting lOP's with a CPU shall not exceed 64 feet. All lOP's shall interconnect with a CPU on a single cable. 
The pin assignment for signals In that cable at the Cable Driver/Receiver and Cable Connector Interface shall be as 
specified below: 
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Cable 1 



ATI 3 Cable Driver/Receiver Module 



Connector 
Pin 


Signal Deslg, 
at Connector 

/FNCO/ 


Signal Functional Description 


1 


Function Code 


2 


/FNCl/ 


II II 


3 


/FNC2/ 


It II 


4 


/lOPAO/ 


lOP Address 


5 


/lOPAl/ 


II 


6 


/I0PA2/ 


II 


7 


/CNST/ 


Control Strobe 


8 


Not Assigned 




9 


/NCONDl/ 


Not Condition Code 1 


10 


/NC0ND2/ 


Not Condition Code 2 


11 


/CLIS/ 


Timing Signal (1 MHz) 


12 


/RIO/ 


I/O Reset 


13 


/IR/ 


Interrupt Request 


14 


/PR/ 


Proceed 
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DEVICE CONTROLLER INTERFACi: 

Cable Connections - Six cables shall Interconnecf the lOP and Device Controllers. All Device Controllers 



shall interconnect in a trunk-tail fashion to the lOP, Device Controllers with the One-Byte Data Path shall use only four 
of the six cables. 

7.2 Si gnal Conven t ion - Signal exchange shall be via AT10 Cable Receiver Modules, ATI! Cable Driver/Receiver 
Modules, ox\6 AT12 Cable Driver Modules. Unless otherwise stated, signals shall use a convention of +2 volts for true logic. 

7.3 Signal-Lines Interconnecting lOP ond Device Controllers 

7.3. 1 The lines tabulated below shall interconnect the lOP and Device Controllers. 
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DESCRIPTION 


DESIGNATION 


NO. OF 
LINES 


lOP TO DEVICE DEVICE CON- 
CONTROLLER TROLLER TO lOP 






Dnia Input/Output (1st- byte) 


/DAO/thru / DA7 / 


8 


X 


X 






Dafa Input/Output (2nd b/te) 


/DB0/thru/DB7/ 


8 


X 


2C 






Data Input/Output (3rd and 4th bytes) 


/DCO/ thru /DC7/,/DD0/thru/DD7/ 


16 


X 


X 






Data Ptirlty 


/DAP/ 


1 


X 


X 






2 PytG Interface Request 


/DX2/ 






X 






4 Byte Interface Request 


./DX4/ 




' 


X 






End Data 


AD/ 




X 


X 






Parity Check 


/PC/ 






X 






Data/Crder Request 


/DOR/ 






X 






Input/Output Request 


/lOR/ 






X 






Function Response 


/FR0/thru/FR7/ 


8 




^ 






Request Strobe 


/RS/ 






X 






Function Acknowledge Strobe 


/FSL/ 






X 






Device Controller Available Output 


/AVO/ 


1 




X 






Interrupt Call 


AC/ 






X 






Service Call 


/sc/ 


1 




X 






I/O Reset 


/RST/ 




X 








Clock, 1 MHz 


/CLl/ 




X 










TITLE 

PRODUCT DESIGN SPECIFICATION 
INPUT/OUTPUT PROCESSOR, 


ilDli i 


133991 


v- 1 








SELECTOR 




SHEET 40 OF 70 1 



SDS-E-112(4/65) 



DESCRIPTION 

End Service 

Request Strobe Acknowledge 

Start I/O Function Indicator 

Halt I/O Function Indicator 

Test I/O Function Indicator 

Test Device Function Indicator 

Acknowledge Interrupt Function 
Indicator 

Acknowledge Service Call Indicator 

Function Strobe 

Zero Byte Count Interrupt 
I Fast Device Controller 

AVI from lOP 
; Reset I/O from JX58 

Enable IVo- byte Interface 

Enable Four-byta Interface 



DESIGNATION 

/ES/ 

/RSA/ 

/SIO/ 

Alio/ 

/TIO/ 

I ADV/ 

/AIO/ 

/ASC/ 

/FS/ 

/ZBCI/ 

/FAST/ 
I /TRUE-!/, /TRUE-2/ 
I /TEST RIO/ 

i 

/EDX2/ 

1 /EDX4/ 



NO. OF 
LINES 



DIRECTION OF SIGNAL FLOW 



lOP TO DEVICE 
CONTROLLER 



1 
1 
1 
1 

2 
1 

I 

1 



X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 
X 



DEVICE CON- 
TROLLER TO lOP 



■n<;„p_l 1')^' //r,) 
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7.3.2 Definition of Device Controller Interface Lines. All times as measured at lOP/Cable Interface, 

7.3.2.1 Service Call (SC) Lino: 

The SC line shall ho driven by the Device Controller to request service from the lOP. The lOP shall respond to the request by 
Initiating one of several possible operation sequence. Identified as one of the following: Order Out, Order In, Data Out, Data In, 
or an aborted service request. The Device Controller shall drive the SC line at least until the lOP has driven the ASC function 
indicator line; otherwise, the lOP shall abort the service request and wait for the next service request from either the CPU or the 
Device Controller. 

CPU service requests shall have priority over Device Controller service requests. 

7.3.2.2 Function Indicator Lines (SIO, HIO, TIO, TDV, AIO, ASC): 

During the normal execution of a CPU request to perform an SIO, HIO, TIO, TDV, or AIO operation the lOP shall drive the 
appropriate Function Indicator line. Similarly, during the response to a Device Controller request for service via the SC 
line the lOP shall drive the ASC line. The driven lino shall be stable for at least ]S5 nanoseconds before the Function Strobe 
lino is driven and shall not be dropped less than 185 nanoseconds after the Function Strobe line is dropped, 

7.3.2.3 Function Strobe (FS), Function Strobe Acknowledge (FSL), and Available Out (AVO) lines: 

The Function Strobe line shall operate In a closed- loop fashion with either the FSL or AVO lines; that Is, after the lOP has 
driven the FS line true the Device Controller shall drive either the FSL line or the AVO line and shall drop the FSL or AVO line 
in response to the lOP dropping the FS line. 
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During the normal execution of an SIO, HIO, TIO, or TDV operation (if no memory parity error is detected while reading 
coll 20*) the lOF shall place the Device Controller address on the DA0~7 llnes^ drive the appropriate Function indicator 
line, delay, and drive the FS line. If the Device Controller address was not recognized or If the addressed Device Con- 
troller was off-line then the lOP shall receive AVO in response to the FS signal. Otherwise, the addressed Device Controller 
shall respond by placing condition code Information on the DOR and lOR lines, Device Controller status on th@ Function 
Response lines, and driving the FSL line* 

During the execution of an AIO operation the lOP shall drive the AIO line, delay, and drive the FS line. If there was no 
Device Controller Interrupt pending then the lOP shall receive AVO In response to the FS signal. Otherwise, the responding 
Device Controller shall place its address on the Function Response lines, condition code data on the DOR and lOR lines. 
Device Controller status on the DAO-7 lines, and raise the FSL line. 

During the response of the lOP to a Device Controller request for service on the SC line the lOP shall raise the ASC line, 
delay, tsnd raise the FS line. If the SC line has dropped prior to the time that the lOP raised the ASC line then the lOP 
shall receive a response on the AVO line., Otherwise, the highest priority service requesting Device Controller shall raise 
the FSL line. Refer to the One-Byte or Four-Byte Data Path Specification for the description of the Device Controller actions 
when connecting for service to the lOP. 

7. 3.2.4 Dota/Order Request (DOR) and Input/Output Request (lOR) Lines: 

The DOR end lOR lines shall be driven by the Device Controller. The lOP shall interpret the state of these lines os follows: 

(a) During the normol execution of a CPU request for service, if the lOP has raised the FS line, then the Device 
Controller shall place condition code data on these lines. The lOP shall wait for the FSL line fo be driven, delay 185 



*Base 16 
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nancsGconds*, and then strobe these linos and store the state for later transmission to the CPU on the NCOND 1 and NCOND 2 
lines. The Device Controller shall not drop these lines until the lOF has dropped the FS line. 

(b) During a Device Controller service request, if not aborted, the Device Controller shall connect for service 
at the time that the lOP drops the FS line. The Device Controller shall then drive the DOR and lOR lines with coded signals, 
drive the Data Lines If lOR Is false, and raise the initial Request Strobe (RS)» The lOP shall delay 185 nanoseconds* after 
receiving the Initial RS of the service sequence and then strobe the DOR and lOR lines. The lOP shall interpret the state of 
these lines as follows: 

DOR lOR 

1 
1 




The lOP shall then perform the sequence of operations dictated by the above coding. These operations will be defined In 
greater detail In later paragraphs. 

The Device Controller shall not change the state of the DOR and lOR lines before the lOP has Initially driven the Request 
Strobe Acknowledge (RSA) lines. 



*Minimum 



1 


Order Out 





Order In 


1 


Data Out 





Data In 
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7.3.2.5 Function Response Lines (FRO-7): 

The FRO-7 lines sha!! be driven only by the Device Controller. During the norma! execution of an SIO, HIO, TIO, or 
TDV operation the Device Controller shall supply Device Controller status on these lines. During an AIO service cycle 
the Device Controller address shall be transmitted on these linos. The lOP shall ignore the state of these lines during a 
Device Controller service sequence. 

The lOP shall delay 185 nanoseconds* after the FSL line hos been driven true and then strobe the Function Response lines 
for later transmission of the data on the lines to Core Memory. The Device Controller shall not change the state of the 
lines until the lOP has dropped the FS line. 

7.3.2.6 Request Strobe (RS) and Request Strobe Acknowledge (RSA) lines: 

The RS line shall be driven by the Device Controller and the RSA line shall be driven by the lOP. These lines shall operate 
in a closed-loop fashion; that is, upon sensing that the RS line has been driven true by the Device Controller the lOP shall 
delay and then drive the RSA line true. Upon sensing that the RS line hus dropped the lOP shall Immediately drop the RSA 
line. The Device Controller, after connecting for service, shall send a succession of RS signals to the lOP until the lOP 
signals RSA and End Service. 

The lOP, after receiving the initial RS of a service sequence, shall delay ]B5 nanoseconds* and then strobe the DOR and lOR 
lines to determine the type of service requested by the Device Controller. If the service is an output operation the lOP shall 
Immediately access core memory for the data or order, place the data or order on the Data Lines, delay 185 nanoseconds,* 
and raise the RSA line. If the service Is an Input operation then the lOP shall delay 185 nanoseconds* and then strobe the 
Data Lines. This sequence shall continue until either the lOP or the Device Controller signals End Data. The lOP shall 
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then wait for the final RS for the Terminal Order, ploce the Terminal Order on the Data Lines, set End Service, delay 185 
nanoseconds/^ und thon raise RSA to terminate the service sequence. 

7.3.2.7 Data Lines (DAO-7, DAP, DBO-7, DCO-7; DDO-7): 

The Data Linos shnll b© drivon by either the lOP or the Device Controller. 

The DAO-7 lines are multi-purpose lines and shall be used as follows: 

(a) During the norma! execution of an SIO, HID, TIO, or TDV operation the lOP shall ploc© the Device 
Controller address on the DA0~7 lines, delay 185 nanoseconds,* ond then drive the FS line. The lOP shall not change tho 
state of the DA0~7 lines until either FSL or AVO have been received. 

(b) During the execution of an AIO operation the Device Controller shall place the Device Controller status 
on the DAO-7 lines. The lOP shall delay 185 nanoseconds'"^' ufier receiving the FSL signal and then strobe the lines* The 
Device Controller shall not change the state of the lines until FS has dropped. 

(c) During an Order Out service, in response to the initial RS, the lOP shall place the Order on the DA0~7 
lines, delay 185 nanoseconds,* and raise the RSA line. The lOP shall not change the state of the Data Lines until the next 
RS is received. 

(d) During an Order In service, associated v/ith the initial RS, the Device Controller shall place the 
Operational Status Byte on the DAO-7 lines. The lOP shall delay 185 nanoseconds'* after receiving RS, then strobe the DAO-7 
lines. The lOP shall interpret the Data lines as follows: 

DAO Transmission Error 

DAI Incorrect Length 
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DA2 Chaining Modifier 

DAS Channel End 

DA4 Unusual End 

The response of the lOP fo the Operational Status Byte wHI be defined In later paragraphs. The Device Controller shall not 
chango the stata of the DAO-7 linos until RSA has been raised, 

(e) During a Data Out service, if End Service Is false, the lOP shall place the data on the DAO-7 lines, delay 
185 nanoseconds, * and raise RSA, The lOP shall not change the state of the Data Lines until the next RS Is received, 

(f) During a Data In service. If End Service Is false, the Device Controller shall place the data on the DA0--7 
lines and raise the RS line. The lOP shall delay 185 nanoseconds* and strobe the lines. The Device Controller shall not change 
the state of the Data lines until RSA has been received, 

(g) During any service sequence. In response to the final RS, the lOP shall raise End Service, place the 
Terminal Order on the DA0~7 lines, delay 185 nanoseconds,* and raise RSA, The definition of the DAO-7 lines during the 
Terminal Order exchange shall be as follows: 

DAO Interrupt 

DAI Count Done 

DA2 Command Chain 

DA3 lOPHalt 



^Minimum 



TITLE 

PRODUCT DESIGN SPECIFICATION 
INPUT/OUTPUT PROCIISSOR, SELECTOR 



33991 



SHEET 47 



OF 70 



I:. 



The conditions under which these lines are raised will be discussed in later paragraphs. The lOP shall not change the state 
of the Dato lines until FS Is to be raised during the next service cycle. 

The DAP line shall be used to provide an odd parity bit for the data byte on lines DAO-7 during Data Out or Data in service. 
The lOP shall provide an odd parity bit for the data byte on the DAO-7 lines during all output operations. If the PC line Is 
true and the DX2 and DX4 lines are false then the lOP shall check for odd parity If Data In service. If a parity error Is 
detected during a Data In service, the lOP shall set the Transmission Data Error status bit. The timing for the DAP line shall 
be the same as the timing for the DAO-7 lines during Data Out/In service. 

The DBO-7, DCO-7, and DDO-7 Data lines shall be used only for the exchange of data during Data Out/In service. The 
timing for these lines shall be the same as the timing for the DA0~7 lines during Data Out/In service. 

If the DX2 and DX4 lines are false during Data Out/In service sequences then the lOP shall exchange data with the Device 
Controller on the DAO-7 lines only. If the DX4 line is true during Data Out/In service sequences then the lOP shall exchange 
data with the Device Controller on the DAO-7/ DPO-7, DC0~7, and DDO-7 linos where DAO-7 shall be the most significant 
byte and DDO-7 shall be the least significant byte. If the DX2 line is true during Data Out/In operations then the lOP shall 
exchange data with the Device Controller on the DAO-7 and DBO-7 lines. The DAO-7 lines shall be most significant. 

7.3.2.8 End Data (ED) and End Service (ES) Lines: 

The ED and ES lines shall designate action to be taken by the lOP and Device Controller during order and data exchanges. 

The ED line may be driven true by either the lOP or the Device Controller, The ED line shall always be driven true by 

the Device Controller with the initial RS of an Order Out/In sequence. If, during a Data Out/In exchange, either the lOP 
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or fhe Device Controller drive the ED line; then, this shall signify that no more data be exchanged. The ED line shall be 
driven true by the lOP under the following conditions; 

(a) Whenever the ED line has been driven by the Device Controller. 

(b) During Data Out/In sequences If the CPU requests the lOP to perform an HlOoperatlon or If the CPU 
requQsti that an AIO operation be performed and the 10 P has an Interrupt pending, 

(c) During a Data Out sequence the lOP detected an lOP Halt condition, or the lOP detected Zero Byte 

Count and the Data Chain flag was false and the data buffer was empty (Count Done), or the lOP detected Zero Byte Count 

and the Data Chain flag was true and the Interrupt on Zero Byte Count flag was true and the FAST line was false. > and the data 
buffer was empty* 

(d) During a Data In sequence the lOP detected a Memory Address Error or the lOP detected Zero Byte 

Count and the Data Chain flag was false (Count Done) or the lOP detected Zero Byte Count and the Data Chain flag was true 
and the Interrupt on Zero Byte Count flag was true and the Fast line was false. During Data In sequences the lOP shall 
always empty the data buffer after ED has been set, before terminating the sequence, unless ED was set because an lOP Halt 
condition was detected. 

When the lOP has driven the End Data line the lOP shall delay at least 185 nanoseconds before raising the RSA line. 

The ES line shall be driven by the lOP only. The ES line shall signify, when true, that the Device Controller service shall 
terminate; that Is, the Device Controller shall not raise RS again during the current service sequence. The Selector lOP 
shall control the ES line such that a Terminal Order shall always be sent to the Device Controller to terminate an Order or 
Data service sequence. The timing of the ES line respect to the RSA line shall be the same as the timing of the DAO-7 lines 
during the Terminal Order exchange. 
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7.3.2.9 Parity Check (PC) Line: 

The PC lino shall be driven by Device Controllers In which It use has been specified. The lOP; however, shall only respond 
to the PC line If the DX2 and DX4 lines are false* If the PC line Is true under this condition then the lOP shall perform an 
odd parity check on the DAO-7 and DAP lines. Th© PC line, If driven, shall be raised with the Initial RS of a Data In sequence 
and shall not be dropped until RSA and fc'S have been signalled by the lOP. 

7.3.2.10 Interrupt Call (IC) Line: 

The IC line shall be driven by the Devlc© Controller to make an I/O Interrupt request to the CPU via the lOP. The lOP shall 
set an Interrupt Request memory element whenever the IC line Is true and the CPU Is not requesting an AIO service from the 
lOP. The lOP shall clear the Interrupt Request whenever the Reset I/O (RIO) line Is driven or during the execution of an 
AIO request from tha CPU, Th© lOP shall drive the Interrupt Request (IR) line at the CPU Interface from the output of the 
Interrupt Request memory element. 

7.3.2. 11 Zero Byte Count Interrupt (2BCI) and Fast Device Controller (FAST) Lines; 

The FAST line shall be driven by those Device Controllers In which Its use has been specified during Data Out/In service 
sequences. The lOP shall Interpret this line as follows: 

If, during Data Out/In service the FAST line Is true and the Data Chain flag Is true, the lOP shall not terminate a service 
sequence to send a Zero Byte Count Interrupt to the Device Controller via the Terminal Order. 

The FAST line. If driven, shall be raised with the initial RS of a Data Out/In sequence and shall not be dropped until RSA 
and ES have been signalled by the lOP. 



NMMiaaPMxmMM 



TITLE 

PRODUCT DESIGN SPECIFICATION 
INPUT/OUTPUT PROCESSOR, SELECTOR 



5D5 



133991 



SHEET 50 



OF 70 



The ZBCI line shall be driven by the lOP and shall have the same state as the Zero Byte Count Interrupt 
status bit. If the Device Controller has been specified to drive the FAST line then it shall also take 
action when the ZBCI line goes true whenever the Device Controller is connected to the lOP for a Data 
Out/In service sequence*. The device Controller shall take the same action when the ZBCI line is true 
under the condition described above as the Device Controller would take when the DAO (Interrupt) line 
is true during a Terminal Order exchange ► 

7.3.2.12 Enable two-byte Data path (EDX2) , Enable Four -Byte data path (EDX4) , two byte interface 
request (DX2), and four-byte Interface Request '(0X4) : 

The SIOP shall always hold the EDX2 and EDX4 lines true. This signifies that the lOP can communicate 
with a DC (Device Controller) on a two-byte data path or four-byte data paths in addition to communication 
on a one-byte data path. The DX2 and DX4 lines shall be driven by those DC'S for which their use has 
been specified. The DX2 and DX4 lines shall specify to the lOP the width of the DC interface data 
path during Data Out/In exchange according to the following: 



DX 2 

1 




DX4 



One- Byte Data Path 

Two-Byte Data Path 

1 Four-Byte Data Path 

The DX2 or DX4 lines, If driven, shall be raised with the initial RS of a Data Out/In sequence and 
shall not be dropped until RSA and ES have been driven by the lOP* 

7.3.2.13 I/O Reset (RST), One Mhz clock (CLl), AVI from lOP (TRUE), and Reset l/O from JX58 (TES TRIO) lines j 
The I/O Reset (RST) line shall be driven by the lOP and shall have the same state as the RIO line driven by 
CPU or the TESTRIO line driven at the Device Controller interface by the JX58 tester when connected. 
The One Mhz Clock (CLl) line shall be driven by the lOP and shall have the same state as the CLlS line driven 
by the CPU. 
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I lines shall be driven by the lOP when the lOP logic power supply Is on to provide the AVI slgncii . 
Mvlce Controller connected to the lOP. 

,ne shall be driven at the Device Controller Interface by the JX58 tester when connected to the lOP, This line 
for Initializing the lOP, The TESTRIO line shall cause the same lOP response as does the RIO line driven by the CPU. 

)? OPERATIONS DURING DEVICE CONTROLLER SERVICE REQUESTS 

of the lOP to Device Controller service requests will be defined In this section. Responses of the lOP to CPU service 
have been defined In Sections 6.0 and 7. 3. 2. 

,viously defined in Section 7,3.2 the lOP shall respond to a Service Call from a Device Controller by raising the ASC Func- 
Indicator line, delay, and then raise the Function Strobe line. A Device Controller Indicates that It will connect for service 
raising the Function Strobe Acknowledge Line; otherwise, the lowest priority Device Controller drives the AVO line and the 
;rvlce request is aborted. 

The Device Controller, If connected for service, then initially raises the Request Strobe line. The lOP detects the type of service 
(Order Out, Order In, Data Out, or Data In) by strobing and decoding the DOR and lOR llnes^ If an Order in operation is speci- 
fied the lOP strobes the Operational Status Byte on the DAO-7 lines or strobes the data on the appropriate Data Lines If this Is a 
Data In operation. If an output operation is specified the lOP shall access core memory and if this Is an Order Out place the order 
on the DA0~7 lines or if this Is a Data Out operation place data on the appropriate Data Lines. The state of the End Data and End 
Service lines shall then specify how the service shall terminate. The Selector lOP shall control the ES line such that a Terminal 
Order Is exchanged to terminate every Device Controller service request. 

In the paragrophs that follow the action of the lOP In response to the specific types of service requests (Order Out/In, Data 
*^i;4r*) will be defined. 
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7.4.1 Order Out 

If the Device Controller has requested that the lOP perform an Order Out operation by raising DOR and lOR with the 

initial RS then the lOP shall take the following action: 

(a) Examine the state of the Chaining Modifier bit. If the Chaining Modifier Is true the lOP shall Increment 
the current Command Doubleword address by one and clear the Chaining Modifier bit, 

(b) Request a core memory read operation from the the memory location specified by the Command Doubleword 
address. If a Memory Address Error was detected the lOP shall set the Memory Address Error and lOP Halt status bits. 
If a memory parity error was detected then the lOP shall set the lOP Memory Error and lOP Halt status bits. In either 
case the lOP shall respond Immediately to the Initial RS by raising RSA and shall report -at least - lOP Halt in the 
ensuing Terminal Order, 

(c) If a Memory Address Error or Memory Parity Error was not detected then the lOP shall operate on the even 
Command word as follows: 



xxxx 


10 


xxxxxxxx 


COMMAND DOUBLEWORD ADDRESS 


3 


4 7 


8 15 


16 31 



If bits 4-7 are coded as shown above then the lOP shall Interpret this as a Transfer In Channel Command, ignore 
the state of bits 0-3 and bits 8-15 and store the contents of bits 16-31 into the Command Address register. If this is the 
second successive Transfer in Channel Command detected by the lOP then the lOP shall set the lOP Control Error and 
lOP Halt status bits and Immediately respond to the Initial RS by raising RSA and report -at least - lOP Halt In the 
Terminal Order. Otherwise, the lOP shall access the core memory location specified by the Command Address register 
and operate on the even Command word as follows (if no Memory Address Error or Memory Parity. Error): 



ORDER 



X X X X x 

"B rz 



BYTE ADDRESS 



H 
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The lOP ahall transfer blta OA7 unchanged to the DA0«7 lines, delay, and then raisa ESA, fhQ 
lOP ihall also examine bits 0-7 to determine whether the Read Backward order -(XXXX 1100) has bean 
coded. If this order has baan coded then the lOP ohall store this state as a control function durlnj 
Data In operations, llie lOP shall also eiminine tha state oJ: bit 7 of the Order field arid initialize 
the data buffer accordingly^ The subsequent service shall be interpreted ao Data Out if bit 7 is 
true and as Data In If bit ? is false. The lOP shall ignore the state of bits 8*.12 and shall store 
bitjfl 13-31 into the Byte Address register, . - 

(d) The 10? shall than iMQVmm^ t\m &vm Commud \mvd address by one and access core memory for the 
odd Command word and shall also increment the Ooumtand DDUblswovd MdtQBB i?0glstiar by one, The 
lOP shall operate on the odd Goimiaand word as follows (if no Memory Parity E'if3fOf)l 



FLAGS 


XXXXXXXX 


BYTE COUNT 







8 



15 16 



31 



Bits 0-7 contain the flags. The lOP shall, store these into the flags register. The response of the lOP to the 
flags will be defined below. The lOP shall Ignore the state of bits 8-15 and shall store bits 16-31 Into the Byte 
Count register. 

(e) The response of the lOP to the flags shall be as follows: 

Bit 0: Data Chain (DC) flag - During a Data Out/In operation If the Byte Count has gone to zero 
and the Data Chain flag was true then the lOP shall access the next Command Doubleword. During the Data Chaining 
operation the lOP shall perform all those operations previously defined for the Order Out operation except that the 
lOP shall not send the order In bits 0-7 of the Command even word to the Device Controller. If a Zero Byte Count 
Interrupt has been requested then the lOP shall, during a Data In operation If the FAST line was false, cause End Data 
to be set, empty the data buffer, and In the ensuing Terminal Order report -at least - Interrupt, If a Zero Byte Count 
Interrupt has been requested during a Data Out operation and the FAST line was false then the lOP shall cause End Data 
to be set and report - at least - Interrupt In the ensuing Terminal Order. 
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Bit It Interrupt on Zero Count (IZC) flag - If, during a Data Out/in operation the Byte Count has 

gone to zero and this flag was' true the lOP shall set the Zero Byte Count Interrupt status bit and shall drive 

the ZBCI line at the Device Controller Interface with the same state as the status bit. .If the Data Chain 

flag was true and the l^AST liue^ wa;3 false the lOP shall also terminate the service sequence and report •* at 

least - Interrupt in the Terminal Order. Otherwises the lOP shall terminate normally and report Interrupt in 
the Terminal Order, . ... 

Bit 2: Command Chain (CC) flag - During each Terminal Order In which the CC flag Is true, the lOP 
shall report Command Chain. 

Bit 3: Interrupt at Channel End (ICE) flag;- If, during an Order In, the Device Controller reported Channel 
End and this flag was true then the lOP shall set the Channel End Interrupt status bit and shall report Interrupt In the 
ensuing Terminal Order. 

Bit 4; Halt on Transmission Error (HTE) flag - This flag may only be changed during on Order Out and may 
not be changed during Data Chaining. If, during an Order In, the HTE flag was true and the Devlee Controller reported 
Transmission Error or reported Incorrect Length and the Suppress Incorrect Length flag was false then the lOP shall set the 
lOP Halt status bit and shall report lOP Halt In the ensuing Terminal Order. During a Data In operation if the HTE flag 
was true and the lOP detected a Transmission Data Error (byte parity error at Device Controller Interface) then the lOP 
shall, at the next termination, set the lOP Halt status bit and report lOP Halt In the Terminal Order. If, during Data 
Out/In operations, the HTE flag was true and the lOP detected a Transmission Memory Error (memory parity error during 
read or partial write for data exchange) then the lOP shall, at the next termination, set the lOP Halt status bit and report 
lOP Halt In the Terminal Order. 

Bit 5: Interrupt on Unusual End (lUE) flag - If, during an Order In, the Device Controller reported Unusual 
End or if the lOP Halt state existed at that time and the lUE bit was true then the lOP shall set the Unusual End Interrupt 
status bit and report -at least - Interrupt In the ensuing Terminal Order. 



TITLE 

PRODUCT DESIGN SPECIFICATION 

INPUT OUTPUT PROCESSOR, SELECTOR 



D5 



133991 
SHEET 5S OF to" 

■ I I m i I I I IMP— —I J. «—»— «ii n ■i i- H I I II - i f 



Bit 6: Suppress Incorrect Length (SIL) flag - If, during an Order In operation, the SIL flag was false 
and the HTE flag was true and the Incorrect Length status bit has been set then the lOP shall set the lOP Halt status 
bit and report - at least - lOP Halt In the ensuing Terminal Order. Note that the Incorrect Length status bit may be 
set during an Order In If the Device Controller reported Incorrect Length or during an Data In operation If the Data 
Chain flag was false and Zero Byte Count was detected and the lOP data buffer was not empty. 

Bit 7: Skip (S) flag - If this bit was true the lOP shall during Data Out/In operations perform all 
functions associated with that operation except core rnemory accesses. 

(f) After operating on the Command odd word as defined in (d) above the lOP shall wait for the Terminal Order 
Request Strobe from the Device Controller. The lOP shall then set End Service, place the Terminal Order on the DAO-7 
lines, delay, and raise RSA to terminate the Order Out sequence. The information exchanged during the Terminal Order 
will be defined In a later section. 

7.4.2 Order In 

If the Device Controller has requested that the lOP perform an Order In by raising only the DOR line with the Initial RS 

then the lOP shall take the following action: 

(a) The lOP shall strobe the End Data line and the DAO-7 lines. Sensing that the Device Controller has raised 
the ED line, the lOP shall also drive the ED line. The lOP shall respond to the Operational Status Byte on the DAO-7 
lines as follows: 

DAO - Transmission Error: If this line was true the lOP shall set the Transmission Data Error status bit. If the 
HTE flag was true then the lOP shall also set the lOP Halt status bit and report lOP Halt In the ensuing Terminal Order, 

DAI - Incorrect Length: If this line was true the lOP shall set the Incorrect Length status bit. If the SIL flag 
was false and the HTE flag was true the lOP shall also set the lOP Halt status bit and report lOP Halt In the ensuing 
Terminal Order. 
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DA2 - Chaining Modifier: If fhh line was true then the lOP shall store this condition. During the next Order 
Out th© lOP shall Increment the Command Doubleword Address In the Command Address register by one, as described In 
Section 7,4. 1, and shall clear the Chaining Modifier control bit. lOP shall also during a successful SIO operation clear 
the Chaining Modifier control bit. 

DA3 - Channel Ends If this line was true the IQP shall, If the Interrupt at Channel End flag was true, set the 
Channel End Interrupt status bit and shall also signal Interrupt In the ensuing Terminal Order, If the Command Chain 
flag was false or If the lOP Halt status bit was set then the lOP shall also clear the lOP Busy status bit, 

DA4 - Unusual End: If this line was true the lOP shall, if the Interrupt at Unusual End flag was true, set the 
Unusual End Interrupt status bit and also signal Interrupt in the ensuing Terminal Order. The lOP shall also clear the 
lOP Busy status bit, 

(b) The lOP shall delay after raising the ED line and then raise the RSA line. The lOP shall then wait for the 
Terminal Order Request Sfrobe, place the Terminal Order on the DAO-7 lines, raise the ES line, delay, and raise RSA 
to terminate the Order In sequence, 

7.4.3 Data Out 

If the Device Controller requests that the lOP perform a Data Out operation by raising only the lOR line with the Initial 

RS of a service sequence then the lOP shall respond as follows: 

(a) The lOP shall access the core memory address designated by the Byte Address register and shall load that data 
Into the data buffer. The lOP shall Increment the Byte Address register and decrement the Byte Count register. This 
cycle shall be repeated until either the Byte Count goes to zero or End Data Is set. If the Byte Count goes to zero then 
the lOP shall perform Data Chaining If the Data Chain flag Is true or terminate the service sequence (Count Done), 
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(b) At the Device Controller interface the lOP shall access the data buffer, align the data as required by the 
Interface data path width and the state of the Byte Address and Byte Count register, place the data on Data Lines, 
generate the DAP parity bit, delay, and raise the RSA line. 

(c) The preceding operations shall continue until the End Data line has been raised. The lOP shall then 
wait for the Terminal Order Request Strobe, place the Terminal Order on the DA0"7 lines, raise the ES line, delay, 
and raise the RSA line to terminate the service sequence. 

7,4.4 Data In 

If the Device Controller requests that the lOP perform a Data In operation by holding DOR and lOR false with the 

Initial RS then the lOP shall respond as follows; 

(a) The lOP shall delay after receiving each RS, strobe the Data lines (except during the Terminal Order), 
check parity if required, load the data Into the data buffer, and raise RSA, The lOP shall repeat these operations 
at the Device Controller Interface until the End Data line has been raised. 

(b) At the core memory Interface the lOP shall access the data buffer, align the data as required by the 
current state of the Byte Address and Byte Count registers, and request core memory write or partial write operations* 
During each core memory Interface cycle the lOP shall increment the Byte Address register (decrement If Read Backward 
was Indicated) and decrement the Byte Count register. The lOP shall repeat these operations until a Memory Address 
Error occurs, or the Byte Count goes to zero, or End Data has been signalled. If a Memory Address Error occurs the lOP 
shall terminate the Data In sequence by causing End Data to he raised at the Device Controller Interface.- If the Byte Count 
goes to zero and the Data Chain flag Is true the lOP shall perform the chaining operation and then return to the exchange 
of data between the data buffer and core memory. If the Byte Count goes to zero and the Data Chain flag Is false then 
the lOP shall cause End Data to be raised and terminate. If End Data has been raised then the lOP shall empty the data 
buffer (except for Memory Address Error or Zero Byte Count and Data Chain flag false) and terminate the Data In sequence. 
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(c) The preceeding operations shall continue until ED and RSA have been signalled. The lOP shall then wait 
for the Terminal Order Request Strobe, place the Terminal Order on the DAO-7 lines, raise the ES Line, delay, and raise 
RSA. 

7.4.5 Terminal Order 

As previously defined the lOP shall terminate each Device Controller service sequence with a Terminal Order exchange. 

The definition of the DA0~3 Data lines during the Terminal Order exchange shall be as follows: 

DAO Interrupt: This line shall be raised by the lOP during the Terminal Order for the following reasons: 

(a) During an Order In the Interrupt at Channel End flag was true and the Device Controller 
signalled Channel End, 

(b) During an Order In the Interrupt at Unusual End flag was true and the Device Controller 
signalled Unusual End or the lOP Halt status bit was true. 

(c) During Data Out If the Byte Count goes to zero and the Data Chain and Interrupt at Zero Byte 
Count flags are true or If Count Done is signalled In the Terminal Order and the Interrupt at Zero Byte Count flag is true. 

(d) During Data In If the Byte Count goes to zero and the Interrupt at Zero Byte Count flag Is true, 
DAI Count Done: The lOP shall raise this line during tlie Terminal Order for the following reasons: 

(a) During Data Out operations If the Byte Count has gone to zero, and the Data Chain flag 
was false, and the lOP had transmitted all data In the data buffer to the Device Controller. 

(b) During Data In operations the Byte Count has gone to zero and the Data Chain flag was false. 
DA2 Command Chain: The lOP shall raise this line during every Terminal Order exchange In which the 

Command Chain flag Is true. 

DAS lOP Halt: The lOP shall raise this line during every Terminal Order exchange In which the lOP Halt 
status bit is true. 
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7.5 



CABLE AND CONNECTOR PIN ASSIGNMENT 



Six cables shall Inf-erconnQct the lOP and Device Controllers. As specified In section 4.0, cables shall be connected by 
cable connectors to Cable Drlver/R«pcelver Modules. The maximum length of cable Interconnecting the lOP and the furthest 
Dovl CO Controlbr shall not" ©xcaad 100 f@©t, (priority cable umy be 200 feet), Tlie pin asaignment of signals In those 
cables at the Cable Driver /Receiver and Cable Contiee tor Inter £aa«a' ahall be m apieifled belowi 



Cable 1 



Connector 


Signal Deslg. 


Pin 


at Connector 


01 


DA7 


02 


DA6 


03 


DA5 


04 


DA4 


05 


DA3 


06 


DA2 


07 


DAI 


08 


DAO 


09 


DAP 


10 


ED 


n 


PC 


12 


DOR 


13 


SC 


14 


Not Assigned 



AT11 CabI© Driver/Receiver Module 

Signal Function Desc ription 

Data Input/Output, Byte 1 (2 ) 

Data Input/Output, Byte 1 (2 ) 

o 
Data Input/Output, Byte 1 (2 ) 

Data Input/Output, Byte 1 (2 ) 

Data Input/Output, Byte 1 (2 ) 

Data Input/Output, Byte 1 (2^^) 

Data Input/Output, Byte 1 (2 ) 

7 
Data Input/Output, Byte 1 (2 ) 

Data Parity Input/Output, Byte 1 

End Data 

Parity Check 

Data/Order Request 

Service Call 
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Cable 2 



Am Cable Driver/Receiver Module 



Connector 


Signal Desig. 


P!n 


■it Connector 


01 


DBO 


02 


DBl 


03 


DB2 


04 


DB3 


05 


DE4 


06 


DB5 


07 


DR6 


08 


DB7 


09 


EDX2 


10 


DCO 


11 


DC! 


12 


DC2 


13 


DC3 


14 


EDX4 



Si gnal Function Description 

7 

Data Input/Output, Byte 2 (2 

Data Input/Output, Byte 2 (2 

5 
Data Input/Output, Byte 2 (2 



Data Input/Output, Byte 2 (2 

3 

Data Input/Output, Byte 2 (2 

fy 

Data Input/Output, Byte 2 (2 

Data Input/Output, Byte 2 (2 
Data Input/Output, Byte 2 (2 
Enable Tv/o«Byte Interface 

Dafu Inpot/Output, Byta 3 (2^ 

6 

Data Input/Output, Byte 3 (2 

5 
Data Input/Output, Byte 3 (2 

Data Input/Output, Byte 3 (2 

Enable Four-Byte Interface 
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Cable 3 



ATn Cable Driver/Receiver Module 



Connector 
Pin 


Signal Deslg. 
at Connector 


01 


DC4 ' 


02 


DC5 


03 


DC6 


04 


DC7 


05 


Not Assigned 


06 


DDO 


07 


DDl 


08 


DD2 


09 


DD3 


10 


DD4 


n 


DD5 


12 


DD6 


13 


DD7 


14 


Not Assigned 



Signal Fu nction al Descrip tl on 

Data Input/Output, Byte 3 (2' 

Data Input/Output, Byte 3 {2' 

Data Input/Output, Byte 3 (2 

Data Input/Output, Byte 3 (2 



Data Input/Output, Byte 4 (2 

Data Input/Output, Byte 4 (2^ 

Data Input/Output, Byte 4 (2 

Data Input/Output, Byte 4 (2 

Data Input/Output, Byte 4 (2 

o 

Data Input/Output, Byte 4 (2 

1 

Data Input/Output, Byte 4 (2 

Data Input/Output, Byte 4 (2 
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Cable 4 



AT 10 Cable Receiver Module 



Connector 
Pin 


Signal Deslg. 
af Connector 


01 


m 


02 


FR6 


03 


FR5 


04 


FR4 


05 


FR3 


06 


FR2 


07 


FR1 


08 


FRO 


09 


RS 


10 


lOR 


11 


FSL 


12 


DX2 


13 


IC 


14 


DX4 



Signal Functional Description 

Function Response (2 ) 

Function Response (2 ) 

2 
Function Response (2 ) 

3 
Function Response (2 ) 

4 
Function Response (2 ) 

5 
Function Response (2 ) 

Function Response (2 ) 

7 
Function Response (2 ) 

Request Strobe 

Input/Output Request 

Function Acknowledge Strobe 

Two B/te Interface Signal 

Interrupt Call 

Four Byte Interface Signal 
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AT 12 Cable Driver Module 



Connector 


Signal Deslg. 


Pin 


at Connector 


01 


RST 


02 


CLl 


03 


ES 


04 


RSA 


05 


SIO 


06 


HIO 


07 


TIO 


08 


TDV 


09 


AIO 


10 


ASC 


11 


FS 


12 


7BCI 


13 


¥ADR ■ ■ 


14 


Not Assigned 



Signal Functjonql Doserlptlon 

I/O Reset 

Clock, 1 megahertz 
End Service 

Request Strobe Acknowledge 
Start I/O Function Indicator 
Halt I/O Function Indicator 
Test I/O Function Indicator 
Te$t DqvIco Function Indicator 
Acknowledge Interrupt Function 
Acknowledge Service Call Indicator 
Function Strobe 
Zero Byte Count Interrupt 
Word-Alignod Data Required 
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Cable 6 



Connector 
Pin 


Signal Deslg. 
at Connector 


01 


HPI* 


02 


HPS*- 


03 


FAST 


04 


AVO 


05 


Not Assigned*^ 


06 


Not Assigned"^ 


07 


TRUE-2^'' 


08 


TRUE-1# 


09 


Not Assigned*^ 


10 


Not Assigned^ 


11 


Not Assigned'''^ 


12 


TEST RIO/^ 


13 


Not Assigned*^ 


14 


Not Assigned"^ 



*Not used by lOP. 

"^Device Controllers may not use these lines. 



TITLE 



ATll Cable Driver/Receiver Module 

Signal F unctional Description 

High Priority Interrupt 
High Priority Service 
Fast Device Controller 
Available Output 



AVI from lOP 
AVI from lOP 



I/O Reset from JX58 
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8.0 



BUS-SHARING OPTION 



In i-hls secHon are described fhe acflons and responses of a Selector lOP when this option is Installed, Also defined Is the 
Bus-shcirlng Interface through which two Selector lOP's exchange various control signals related to this option. 

8,1 Cable Connections 

Selector lOP's that share a core memory bus shall connect the five lOP/Cor© Memory cables to a common memory bus m 
shown In Figure 3,3. In addition, the Bus-shoring Interface of the two Selector lOP's shall be Interconnected with a single 
cable. Signals exchanged at the Bus-sharing Interface shall be via ATI! Cable Driver/Receiver modules. 

8. 2 Switch Settings 

Two switches on the LT26 module located In each of the Bus-sharing Selector lOP's shall be set when this option Is Installed. 
The first switch designates that the Bus-share option Is installed. This switch shall be set to the ONE state In each lOP. The 
second switch designates the relative priority of the two lOP's In gaining the use of the core memory bus when requests by 
each are made at the same time. The higher priority or AIOP shall have this switch set to the ONE state while the lower 
priority or B lOP shall have this switch set to the ZERO state. 



8.3 



Signal Lines Interconnecting lOP's at the Bus-sharing Interface. 
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8.3. ] The lines tabulated below shall Inferconnect two Bus-sharing lOP's at the Bus-share Interface: 



DESCRIPTION 



Memory Bus Request 
Memory Interface Clear 
Memory Cycle Request Enable 
Memory Cycle Request Disable 
Memory Bus Request Disable 
Memory Bus Request Enable 



..L 



DESIGNATION 

MEMRQ 

MEMRESET 

MEMCYCB 

NMEMCYCXO 

MEMCYCB/1 

NMEMCYC/IXO 



NO. OF 
LINES 



SIGNAL FLOW DIRECTION 



A to B 
lOP 



X 
X 



X 



B to A 
lOP 



X 



X 



X 



8.3.2 The doflnltlon of the lines InterconnQctlng the Bus-shcirlng lOP's at th© Bus-share Interface shall be as follows: 

Memory Bus Request (MEMRQ): This line shall be driven by the low-prlorlty (B) lOPonly. The B lOP shall drive this line 
to request the use of the memory bus during those lOP operations in which lOP/Core Memory data exchanges are required. 
These operations Include all CPU requests for service that are normally executed by the lOP and all Device Controller 
Service sequences except the Order In sequence. This line shall be dropped by the B lOP after the high priority (A) lOP has 
driven the MEMCYCB line. The A lOP shall take action on this request as follows: 

If the A lOP Is not currently using the memory bus and also has not requested use of the memory bus then the A lOP shall 
grant use of the core memory bus to the B lOP by raising the McMCYCB and MEMCYCB/1 lines. 
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emory Interface Clear (MEMRESET) 

his line shall be driven by the A lOP as the Initial response to a memory bus request by either the A lOP or the B lOP, 
.n response to this signal the A lOP and B lOP shall clear the following lOP/Core Memory Interface lines: 



Data lines 
Address lines 
Write Byte lines 



MXO through MX31 
LX15 through LX31 
MWOX through MW3X 



The signal on this line shall be a posltlve-going pulse not less than 60 nanoseconds nor longer than 150 nanoseconds In 
duration. 

Memory Cycle Request Enable (MEMCYCB): 

The A lOP shall drive this line In response to a memory bus request by the B lOP via the MEMRQ line. The A lOP 
shall drop this line In response to a false signal received from the B lOP on the NMEMCYCXO line. When the MEMCYCB 
line goes true the B lOP shall be enabled to make core memory accesses. 

Memory Cycle Request Disable (NMEMCYCXO): 

The B lOP shall normally hold this line true. After the A lOP has granted use of the core memory bus to the B lOP 
by raising the MEMCYCB line the B lOP shall cause this line to go false after the last memory request of the permitted 
sequence of requests has been made. The B lOP shall hold the line false for an Interval of time not less than 60 nanoseconds 
nor longer than 100 nanoseconds. Permitted sequences of requests shall be as shown on the following page. 
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(a) During normally executed CPU service requests the B lOP shall read cell 20* If not an AlO and shall 
write In cells 20* and 21* before relinquishing the core memory bus. 

(b) During Order Out or Data Chaining operations the B lOP shall respond to the Transfer In channel order If 
r©qu@it©d md shall access the command doubleword before relinquishing the core memory bus. 

(c) During Data Out or Ddtd In op&mHom fha B lOP shall access one core memory location and then relinquish 
the core memory bus. 

Memory Bus Request Disable (MEMCYCB/l)i 

The A lOP shall drive this line true at the same time that the MEMCYCB line Is driven true. The A lOP shall drop this 
line In response to a false signal received from the B lOPon the NMEMCYC/lXO line. While this line Is true the A lOP 
shall not respond to requests for the memory bus from either the A lOP or the B lOP. 

Memory Bus Request Enable (NMEMCYC/lXO): 

The B lOP shall normally hold this line true. After the A lOP has granted use of the core memory bus to the B lOP by 
raising the MEMCYCB line the B lOP shall cause this line to go false after all core memory Interface operations of the last 
request of a permitted sequence have been completed. The B lOP shall hold this line false for an Interval of time not less 
than 60 nanoseconds nor longer than 150 nanoseconds. 



*Base 16 
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8.4 



CabI 



es 



As specified In secMon 8. 1 a single cable shall Interconnecl- Selector lOP's at the Bus-share interface. The maximum length 
of this cable shall be 5,5 feet. The pin assignment for signals In that cable at the Cable Driver/Receiver and Cable Connector 
Interface shall be as specified belowt 

ATI! Cable/Drlver/Recelver Module 



signal Functional Description 

Memory Cycle Request Enable 
Memory Bus Request 
Memory Interface Clear 
Memory Cycle Request Disable 
Memory Bus Request Disable 
Memory Bus Request Enoble 






Connector 


Signal Deslg. 


Pin 


at Connector 


01 


MEMCYCR 


02 


M1;MRQ 


03 


MEMRHSET 


04 


NMEMCYCXO 


05 


MEMCYCB/1 


06 


NMEMCYC/IXO 


07 


Not Assigned 


08 


Not Assigned 


09 


Not Assigned 


10 


Not Assigned 


n 


Not Assigned 


12 


Not Assigned 


13 


Not Assigned 


14 


Not Assigned 
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